Inclusion bodies were described in dogs dying of canine distemper as long ago as 19096. Today the presence of these inclusions in the urinary bladder, brain, and other tissues are routinely used as diagnostic evidence of the disease. The causative agent, a virus, was originally described in 19051. Studies using fluorescent-labeled antibodies suggested that the inclusion contain antigenic or viral materials. Recently, the ultrastructural development of the virus was studied in tissue culture of cerebellar explants and the nature of the inclusions in this tissue was described5.
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The objective of the present study was to determine the ultrastructure of inclusions in naturally occurring distemper and specifically to study the cytoplasmic inclusion body found in the urinary bladder. Normal ultrastructure of transitional epithelium was reviewed previouslyl2.
Materials and Methods
This study was made on 8 dogs with classical signs and lesions of caninc distemper and 5 normal control dogs. Six of the animals were in the acute respiratory stage of the disease and were moribund at the time of necropsy. They were selected because of the typical clinical course and the severity of the disease in the hope that they would have abundant cytoplasmic inclusions in the transitional epithelium.
The other 2 infected animals had passed through a mild respiratory stage and were suffering from nervous signs of a few days duration. These 2 animals were in a conditioning facility and the time of onset of the disease was not accurately determined.
The dogs wcrc anesthetized with pentobarbital sodium and bladder tissue was rapidly removed for fixation in 1% osmium tetroxide buffered in veronal acetate*" with sucrose addedz. This tissue was dehydrated and embedded in Epon 8127, sectioned, and stained with uranyl acetate and lead citrate". One-micron sections were cut for evaluation by light microscopy and ultrathin sections were prepared for electron microscopy. Additional bladder tissue was fixed in 10% buffered formalin for paraffin embedding and routine histologic processing. Bladder was fixed from all animals and bladder and cerebellum was selected from all animals with nervous signs.
Results
Light microscopy of parafin sections from the dogs in the acute respiratory stage revealed the presence of typical cytoplasmic inclusions in the epithelium of the urinary bladder of all 6 animals. Inclusions were rare in 2 of the dogs but they were moderately numerous in 4 animals with 1 or 2 inclusions in the average high-power field. These 4 animals were selected for further study by electron microscopy along with the 5 control animals.
The 2 dogs with nervous signs did not have inclusions in the bladder but they did have typical lesions of post-distemper encephalitis. The bladder tissue from these animals was not examined by electron microscopy.
Ultrastructurally 2 types of inclusions were observed, the first corresponding to the distemper inclusion as seen by light microscopy of paraffin sections and 1-p sections; it consisted of tubular or fibrillar material in a loose irregular aggregation ( Fig. 1, 2 ). This is identical in structure and appearance to the inclusion of nucleocapsids observed by I~OESTNER and LONGS in infected explant tissue cultures of canine cerebellum.
The inclusions were more numerous than evident from paraffin sections because many smaller ones could be seen in ultrathin sections studied by electron microscopy. They were primarily in the superficial layer but occasionally in the intermediate layer of the typical 3layered epithelium. They were in the cytoplasm without any specific association with cytoplasmic organelles although they were closer to the nucleus than the periphery of the cell. They were often multiple in a single cell and at least one-third of the cells of the superficial layer contained viral inclusions in the 4 animals selected for study.
The inclusions were irregular in outline, were not enclosed in a membrane, and were composed of interwoven filaments or tubules 180 A in diameter with a fuzzy border and a dense central core which was most evident on cross section. The dimensions correspond to the size of nucleocapsids of the virus of canine distemper when prepared by negative stainingg. The density of packing of the tubules varied from loose to compact, probably varying with the stage of viral development.
There was relatively little cytoplasmic damage associated with the inclusions and there was no alteration of cytoplasmic structure at the border of the inclusion. All of the normal cytoplasmic vesicles and organelles of transitional cells occurred near the inclusions and occasional vesicles were included in the aggregate of tubules near their irregular edge. It appeared that the inclusion merely displaced the cytoplasm as it grew. Mechanical displacement of mitochondria, vesicles, and other organelles did occur and was most extensive when inclusions were large.
The second type inclusion found in control and infected animals was not related to the disease and did not correspond to the inclusions of canine distemper. They were membrane-bound bodies containing varying combinations of dense particles, vacuoles, and short segments of membranes ( Fig. 3 ). Similar structures can be observed in rat ureter and were originally described by Hrc1ts3 who interpreted them to be a mechanism for disposal of excess or unused membranes. They bear a strong resemblance to lysosomes and we consider them to be a morphologic variation of focal cytoplasmic degradation. They correspond to heterogeneous dense bodies, although we have not attempted to demonstrate acid phosphatase in them. I<ANCZAK, et al.4 have demonstrated thc lysosomal nature of lipoid granules observed in canine bladder at the light level. They are much more numerous in the dog than in the rat or other species and vary in size from 500 A to several microns in diameter, although the larger forms are not frequent. The heterogeneous deiisc bodies were larger in animals with canine distem- per than they were in control dogs. However, this was a difficult parameter to evaluate in a limited number of dogs because of their variability in size in control tissue.
Discussion
The viral nature of cytoplasmic inclusions in canine distemper has been suspected for many years but their exact relationship to viral structure and viral development was not clear until KOESTNER and LONG^ evaluated viral development in tissue culture. Their work enabled us to clarify the nature of cytoplasmic inclusions in the urinary bladder and to establish the specificity of this diagnostic lesion, The presence of inclusions at the ultrastructural level in animals with clinically diagnosed distemper and the lack of similar structures in control tissues suggest their relationship to the disease but does not identify their viral nature without the supporting evidence obtained from the controlled experiments in tissue culture.
The classic distemper inclusion is composed of bundles of nucleocapsid or the helix of ribonucleoprotein of the virus. This is an incomplete virus and we did not observe viral particles budding from the cell surface, although completed virons would probably not remain at the cell surface long but would immediately be mixed with the urine. Little is known of the stages of viral development in naturally occurring disease, although the presence of large numbers of inclusions composed only of nucleocapsids without corresponding quantity of complete virus suggests that large amounts of incomplete virus be formed.
There was relatively little cell damage associated with the cell infection and it was limited to mild vesiculation, an increase in the size of heterogeneous dense bodies, and a mechanical displacement of organelles by the inclusion. The heterogeneous dense bodies are of particular interest because their vesicular and particulate internal structure could be misinterpreted to be viral material. Their true nature and significance to the cell are not well understood but their relationshp to lysosomes has been demonstrated by the work of H I C K S~ and KANCZAK, et al.4.
The ultrastructural nature of canine distemper inclusions was studied in the bladder epithelium of 4 dogs. These tissues were compared to 5 control animals.
'The classical intracytoplasmic inclusion consists of filaments or tubules which are helices of ribonucleoprotein of the virus. A second type of inclusion is described and occurs in control and infected dogs. The heterogeneous dense body is not related to canine distemper infection.
